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Abstract 

PROBLEM TO BE SOLVED: To enhance the emission efficiency of a light emitting element employing a group 111 nitride 
semiconductor. 

SOLUTION: An emission layer 5 has a multiple quantum well structure comprising six barrier layers 51 of AtO.05 Ga-.95 N 
having thickness of about 50&angst and five well layers 52 of In0.2 Ga0.8 N having thickness of about 50&angst laminated 
alternately. The emission layer 5 has total thickness of about 0.055&mu m. The well layer 52 is added with zinc and silicon at 
concentration of 5* 10<18> /cm<3> . Since the emission layer 5 comprises a strained superlattice, the emission intensity is 
enhanced. 
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(57) 1Mb] 

5 li, KH^I50AWA1o. osGao. 9S N 
75>fjJ&5 6jf<^/^!; TH5 1 t^Jf:j^50A(7?Ino. a Ga o . e 
N 75>b$;5 5jf CD#FJ1 5 2 t &&E.\zmi3 gjtft&m 




N 51 (/<V7S) Ala.., fee. iN 1 

52 <#F»> K ,8b,. ,H % J 
(ZaSi-dopad) 



[§s#^ii i&m\z3mmitta#m»*m\i*it&ft& 
xn^mcom^^mmt x^tzzt sr»»4:i-* 3 mm 

[ff*^2l WEJBjfeattAlxaGai-xaNCO <x2^1)^& 

1 Xtt»#S 2 fcEtto 3l£Sft:«>¥** 

fR*«5] mE*3OT*>»*r*#F«fc, WET^ 
ir 7^ 4: «TE K^— TUB* 4: ^StEtcJRftl £ ftT 

r 4: *w&t-fz>m*m 3 t-E«o 3 

[»**6 ] «TE*3tJl^lWrE#F*JwttmEr ^-fe^ 

FJIfcttlWE Kf— 3Ftt»*K *trE'< 5 T/ifcttlfoET 

«fc+5W**3 JcE«^3lK»Yt«*W****^ a 
IW*«5] WET^-fe^^ftftJiffijS-efcO. WE 

3 #sni#« 6 <m ^m^»*3i^E*^ 3 mwm 

tvfcp^^M^AlxaGax-xaN (X2 ^X3) A^J** pJB 

(X2 ^X4) ^&j«5n«i:t?»Sn-C^5-rtS:»tR4: 
1 2 i:|S«o 3 Mftft******^ . 
I»*a8l WEp»^iR*B*ix'CV^mET^'fe^ 
^Wdttv^S/JrA-ekS, «FEnJlKW!lDSJx"CV^ 
* WE K-J— 5F*E»tt S/ya^iSit frtttt t +s 
»#* 7 fc E*ctf> 3 

10 O 0 1 ] 
1000 2] 
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6-2 6 8 2 5 7WS), 3g#/l£ln 
o. 2 Ga 0 . 8 N <D#Flf 4: Ino. o<tGa 0 . 96 N <7V< y TMkfrh 

[0 0 0 3] 

[*W#*|ftLJ: 5 4r-r^SJS] ±E«i6o*#**-H: 
#FAft^yr*fc«rrtS'<<* J F«^SrH9, £o v 

■^«itt-T?#M*#F«3tSrKffli-S1><o-e*>5 0 L 
*>U ±E^***^«*3S|*j«c«+^-cf44< % 
10 GaN ^^b^^flsr^^tc^^T. «)t 

[0 0 0 4] *5BWtt. ±E«Wfcj*fti-Sfc*fcjft£ 
[0 0 0 5] 

X, ^^^3S^fe^fls:^SS*&^f>^^¥-- 

20 [ 0 0 0 6 ] X. fS*52 OfcWttfcfcflfcAlxaGai-xa 
N(0 <x2^1)^fe^:5^yT«i:In xl Gax-xxN<0 <xl^ 
l)A*?>*5#F»i:*:8[JiS*fc^-Xtt#*<0*^ 

F^^T-e^L^c^Tfc!?, if 3<7?*Wii 

so yrii:Kt-T«, xr±, #FJBtwK^— 

^yrii:7^t^Tm -tit-eft, WUDLfct© 

Si^AlxaGax-xsN (X2 ^X3) *>bj*2»pJ14:, K"*"— ?F 
tt^^SaJDSiXfcneiBia^Alx^Gai-x^N. (X2 ^X4) A^ 

[0007] #Fmks<VTmk<Dm<D&ttm& 

<OUm±. 0.4 ~4.8 %^M4LV\ 0.4 %£TF-C-fc5 

k < ujs Att^fiTi-s <Dx*mi£ u < <e 

i\ lnm. KTi:4aij««*5HJBi*5. 20nmK±i* 

r 4: A5-c# ft < ft ^ <DT-M£ L < ft V \ 
[0 0 0 8] #F/1 £rInx*Gax-xiN(0 <xl^l)-C«^ 
50 /<» T^SrAl X2 Ga 1 - X2 N(0 <x2^1) 



3 

tC|i v M^L^In^ffl/Sitxlte, 0.03-0.5 T*fc9, S 

^uv>Ai<Djia^itx2H, 0.03—0.3 -efc^o -tjvwv 
ti^fc*MWT'i< , _hf2co_b|sgfii 

mm \z x 9 ±& u/cgsia^M* lv \ 

[0 0 0 9] X. «3feMi^^Sr^D-r^^irfi. 

1 0 1 Vcm 3 - 1 x 1 0 2O /cffl 3 <D©ffl#M£ LV\ 1 
x i o l7 /cni 3 J£ATT-fc5£:, 3£3fc*'L^£tc<$;9 5§}fc 
ai«TU 1 X 1 0 2O /cm 3 U-ttKZt, SSiPatt 

[0 0 10] 

aS*D*tu/l:pfi*a<OAlx3Gai-x3N (X2 ^X3) 

i- X4 N (X2 ^X^.^bfiESnJBir-etttf^^^nSE 

[0011] 

gilltttt 

SfiF-100 fit, f-^T^TjfcKl «r#L-C*3 9* t<D^y 
T<iTW& 1 ±fwO. 05 mCOAIN /<y7rf2 * 

[0 0 121 t^jx77|2?)J:l:8, 
4.0 /znu m^fig2 X10 18 /cm 3 ^'>y n V(Si) K— ^ 
GaN 3 Tfc*n*JI 3 % KKHO. 5 

<0^Pfig5 X 10 l7 /cm 3 <73 $/Jay (Si) K — 7%73GaN ^ 
nil 4 , I no. zGao. sN<0#F»Jl i: Alo. osGao. 9S N 

y rm t ^^it^F« Jfi^«a*^bia«» 

^J5$0.055 /imC93£#Jf5, JifftlOnm, /U» 
ft 2X10 l7 /cm 3 , "^^v^A (Mg) fig 5X10 19 /cm 3 
(Ohio. oaGao. 02N P fe^&<0 9 7 Kf 71, 

^J?^35nm f sfc—^fig 3X10 l7 /cm 3 . 

(Mg) fig 5X10 l9 /cm 3 COGaN ^&«5pfi»^«l 
3y^^M72, 0WjKl5 nm, >^fig 6X10 17 
/cm 3 . (Mg) fig lX10 2o /cm 3 CDGaN *»5> 



#R§¥l 0-1 2 9 2 2 
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5 0 tt"C, H23y^^ hjf 7 3<0±B5^(tiCNi/Au 
<r> 2 fijf ^ h ft &39tflffi 9 a* JKjft $ n^r^gWftS 9 
tf>»0>6[tfM~Ni/Au ^2KJf ^b&S^x-f >y<Dtc 
#><Ds<y Kl 0i«Jg^StiTt^5 o X, n*^3±|rti 

Ai^e>rtsii*i8^jgfi8;snT:v^o 

[0013] %3U 5 co#j»ft«*tt, H 2 J: 0 

0J¥*^5OAcOAlo.osGao. 9S N ^P)J5S5 6JB©/<5 7 
151 <kJKfl£«J50Atf>Ino. 2 Ga 0 . 8 N ^'bJBfiS 5 Jf <£>#F 
€5 2 i*S2KE^aJiSih-fc#a*^#F*St-<?, ^ 
10 I?&J0.055 jimtfcS, X, #Fl5 2i:il ffi»fc*> 
-tn^n, 5 X10 l8 /cm 3 cOSS(w^AD$nT 

[00 14] W:, -<7>«ift^*Jfey>f Kl 0<08l 
itzfrfe^o^Tf^-f £ 0 ±15*#*V t-KlOO 
tt, #»AJIMt'fr»«t«J«*tt( EAT TMOVPE J iB 
1") «-J:*«t«J««lwJ:9«3SSnfco Jfli^&ftfc;** 

it, nh 3 t**v r^HaXi4N 3 £ h y y^vt-^y ^ 

A(Ga(CH 3 ) 3 ) (EAT r TMG j fcKi") £ h y * 
^£MA1(CH3) 3 ) (EAT ^TMA J iria-T) £ h 3 ^ 
20 /i~f>v?^ (In (CH 3 )3) (UXT riMI J tft-t) bis? 
^(SiHj<b ^^ffi»(Zn(C a HB)a)(«T ^DEZ J <t|H 
-T) i^>^ o^^^^^u^^^i}rA(Mg(CsH & ) 2 ) 
(WT.rcp 2 Mg J iE-T) T-fc-6o 

[0015] *i\ #«8b»xo5»«i3ajr± oft^Lfc 

affiSr^ffitU *efiOt7r-Y7SKi ^MOVPE £ 

J£X^H 2 ^Sf[ii2 Hter/^«?l305>IBKjCajr:atL4*«b 
^Sll00 < C-C1h7 7>f7Sfi 1 fr-<— ^>^bfc 0 

[0016] m^, a«sr 4oo*c*-ei£T*-frr. h 2 ^ 

30 20 liter/5)\ NH 3 =^10 liter/5^ TMA $r I.8XIO- 5 
*^/»"CiKl90»H«J&b"CAlN ^<y7T«2SriKlO. 

g^HSO^Jr^L, H 2 S:201iter/5>, NH 3 SrlO lite 
r/^, TMG S: 1. 7X lO" 4 *^/^. Hs^ici; 9 0. 86p 
pm $ tUTt 5/ 7 > 5:20 x lO" 8 ^e/u/^"C405>^ A 

b; 8IJ?#J4.0 M m, m^fig lxio l8 /cm 3 , 3^ 
Sg 4X10 l8 /cm 3 <7)^y 3y(Si)' K—^GaN ^&J«5iB 
^y78Sn + *3«r»J«Ufc 0 
[0 0 17] ±IE^K^f^ yrfign* 13«U: 
40 ^V^X^g^HOO 0 C l£«#U H 2 4:20 liter/ 

5^, NHa £10 liter/^, TMG fc 1.12 X W^fV/ 

Ha^^J:9 0.86ppm «C*R$*tfcv'9>S:10XlO 
~ 9 ^-/l-/^T-30^AL,, J^i?^0.5 #im, S^fig 5 
X10"/ca 3 , v^y^^fig lXl0 18 /cm 3 <O^y =^(Si) 
K-^GaN *>b*6nJi4 Sr»*Ufc. 
[0 0 18] *«)« v *7r-f TaHEl^aflCSrHOOt; 

N 2 XI1H Z S:20 liter/$K NH 3 SrlO liter/ 
55-, TMG SrO.5 X10~ 4 ^/U/^, TMA 4:0.8 XHT s ^e/U 
/»tt5 ^^ALTAlo.oeGao.psN A»bj*5ff*50 
50 A©A!I7«5 lfc?BfigLfc 0 ^g£800 X;^ 




5 

fltffPU N23U3H 2 £20 liter/5h NH 3 £10 liter/ 

TMC £0.5 XIO"**^/^ TMI Sri. 6 XIO" 4 ^-^ 
/$K H 2 #xK J:!30.86ppm KftRSftfc^i'SrO.iS 
Xlb" 8 mol/#"t\ DEZ £0.2 XlO~ 6 ^yl-/ 1.5 # 

IBfltftUT, S'tf^fcEftj^ ^ft^ft, 5X10 18 /c 
m 3 K K — tclno. soGao. soN 3&>e>J*5J¥.S5OA0>#F 

El 2 K*1"± 5 K, 9TM Sit #FJB 5 2 k ££31 

055 /tmOSJiasSrMlfco 
[0 0 19] «Vvt* »«£1100 , CK#J$U NzXf^H 2 
£20 liter/5)-, NH 3 £10 liter/^, TMG £0.5 X10 
■ "^Av/Jh TMA £0.47X10- 6 ^tr/U/^ CP^fg 
£2X10- e ^U/^T KJ«?U0nm<D^ 
^v-^A(Mg) K— ^OAlo-osGao.QaN a>&j=£5^9y 

K(± 5Xl0 19 /cm 3 -Cfe^ o ^7yKi7 
ltt, «ta^l0 8 .Qcm£JL±(OJ63ftfle'X?fc5o 

[0 0 2 0] &K, fiftfcllOtftKfltfSU N 2 XI2H 2 £ 
20 liter/Jh NH 3 £10 liter/£\ TMG £0.5 X 10~ 4 

*fr/&s RV* cp^Mg £ 2xio- 8 ^e>'U/^T' 4&r$m 

hf7 2^^v/^AgS|j; 5X10 19 /cm 3 r'fe-5 o C 

[0 0 2 1] &K N aft£llOO < C»rftl*b, N 2 XttH 2 £ 
20 liter/iK NH 3 £10 liter/4>, TMG £0.5 X10" 4 
^^/^, #l>\ cPaMg £ 4Xio- 8 ^eyu/^T* l#Bfl* 
At. mmffiS nm<D-r?*i"!rM>(Ng) K — ~7<DGaN ft* 

YMl 3<D^y*i/yj*T&m\± lX10 zo /cm 3 T-*> 

In^lO 8 QcBEJUb^»IH*:-efc5 0 
[0 0 2 2] »K % *MR»»IfcJBV*-C, |2ny 
#^MB73, il3^^M72SU ? ^77Kl7 

iimJE^JlOKV, S^SSt 1 ^ A, fcf- A^^ldjgao. 2m 
m/sec , tT— Af60/zra^ K£fi5. 0 X lO^onfe* 
5o ^<o«^j»<oBlt^J:9, ^23^^M73, 
Il^^^M7 2fttf^5y KJB7 1 tt\ ^ft-F 
ft. ypjftK exio^/^axio'V^^xio^/c 

m 3 , ffiftff 20cm, 1 Qcm, 0. 7Gcm(D pg^i^i: 

[0 0 2 3] &K, EOK^t",*: 5K, Y 
JB7 3tf>±K, Xs<y#\J V^KJ:!9Si0 2 ^l 1 £2000 
A<Off$fcJgj*U ^SiOjf 1 1±K:7* FI/^ h 

3K*H-«fc ?K, Jf^r^*^ h/17 3±K£>^T, iff 




(4) 4*BBspi 0-1 29 2 2 
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h Y 1 2 £6%*Lfc 0 &K. HUK^i 5K, 

7* h 1 2K±oT«feftTl**:^SiO:JIl 1. 

[00 24] &K, 7* h Uitx h 1 2XVSiO a Jl 1 1 

fS 1 =iyn hi72, ^5yKJl71, ^|5, n 
S4£, K£«0;04Ton\ iff pffim^O. 44W/cm 2 , BC1 3 
#*£l0 ml/5><D«^-C#tl&bK7>f"3c.-/^>^Lfc 
ArtK^xyfy^tfc, :(DIiT\ El 5 K^ 
10 -T.fc5K. iff^r-^yrgftn* l3l^f5tteS:f 
fiK^fc«)05?LA^»fi8:$Jxfc o ^oi, 7*H/^h 

1 2XtfSiO a » 1 1 £»*b/H. 

[0 0 2 5] JfcK. H$KNi/Au <D2Mf U 
hU^h^ x 7^h!iy^77^-Ig, xyf 

^^XSSrgt, S23^^hf7 3<D±K3SW«ffi 
9£^Lfc 0 ^LT. -t<oaWlt«9 ftJ^Ni/Au 
^2l5rIflT^y Kl 0«r»jftU;fc o -2r x n* Jf 

20 SKEWS ft. Elllw^"f«Jt©*3ti/>r^— K£# 
fc 0 ro«Jfe*^ttffi»«SK20mA-ej83t^^»*47 
0 nm, 363fc3»«2mff Tfcofc, L E DKJt 

[0 0 26] iE^HJSWT?^ 5 .Kino. 2 Ga 0 . s 

N i 52t Alo. osGa 0 . 9S N U 5 1 k <D& 

fift J f#F«ito^fe^£^v^c^ > te^&cD^F- 
—4.8 %T\ #g^ff$^|5ia^l— 20 
nm-C&fttf, — IttSSAlGasrilni-xi-xiNCO^xl^l . 0 ^ 
yl^l.O ^xl+yl <l)(0#FJli:— «AAlx 2 Ga y2 In 
30 i-xa-yaN (0^x2^1 . 0 £y2£l ( 0 ^x2+y2 ^l)C0^<y 

tlJfflJH-CtftV\ X. #Fi5 2iO!/3yi:i$si: 
«r hWUfe* / y K-y-efcot tftv\ X, n^4 
I^UTIS 1 J: 9 t^>'K^^>y^<DJE£V^Al 3t < l Ga 1 - Jl4 
N £ffiWCt>ftl\, 0*J^«, n!4^ ^jyngg 2 
X10 1B /cm 3 , iX10 18 /cm 3 OAlo.osGa o .9 3 N ^ 

[0027] m2mm&i 

±E* l SUSM-CM:, 5 2 KffifBt isV^^k 

40 SrlSI«FK38S*DbTt^. ^2 »W^«3t^ K 1 
0 0 (OJS3t« 5 li, @6l^n5t^ 1g^O#FJ!5 

2 OK, IHKKSIK, ^Jla^fcMIBSrWSDUfctOT 
fc^o -OlgitK^V^. T?±zf?mtiLk K-^— 2pfi 

^ 0 iOt'5KLt#bftfc»** a |l, IBiftm«t20mA 
■C% 3S*f-^«ft 470nm, 3mWT^o^ 0 ^ 

^*3feS»*tt45%t?* 0 , ^^>»^^fccoKJt-<T 3 

[0028] £g 3 nmm 

50 JB3*lfi«^)363ty>f*— h^OOtt^ H7l:«tJ:5 
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151 1 lev'!/ a^fcgsjbn Lfctco-Cfc^o CcO^jgtr 

5 1 1 irffi#&£8SAn-r5cfc 5KbTt>&v\ 51' 
bT^ft/t^fesfm*, «tt«8St20inA-e, 38Jfcf— * 
&g 470nm, 3g#3£a 3mWT*fcofc 0 <0*3fca**tt4. 

fc« 10 

[0 0 2 9] Sg4|£S6#J 
±fB^^T^3U6Wir*5V^T, '<yrS5 1, 5 10, 

5 i i iwtt^^sx^A^sjsinsjx-ci^v^, 

KiO piftLTtftV\ 
[0 0 3 0] £5%jfcffi[ 

^J£MT*il. *3feli5r±» >P*E*lRaa!H!^Alo. osGa 0 . 95 
N 7&>e>|ftS/<yTB5 1 2 ir^feSI^*nOIno. 2 Gao.8 

n ^b*s#F«5 2 2<o5jaffl-ejgjasn-ci^o * 20 

bT, ±X<Ds<yTM5 1 2<^J*$B:35A-C— ^"CfcS 
Z>\ #F>1 5 2 2 <£>ff £ It, ^77KI7 1 
•fS^feffiic:, 35A, 45A, 55A, 45A, 35A£*o 

± 0 ^ K*^*ft U 75- <b ft if- * 

5 r. t -cefe*fc#« ^ &<> 
[0 0 3 1] ±E<z>^3as«fw*3.v^-c. hJf ft 30 

2a^^H7 3^*SB, 50nra<hU Ztl$><D 
rifc«»*«:llOO c CiU &£j£JH$m&7 #fcLfc#. 

1*10 nm-- 150 n mDfiB ~ t fc^mx 

20»-efc5 o lOnmJ;!? fc»V^^^ KJi 7 1 'a>*.* 

72, »23^^M7 3*»<45 1 t-5y^)4 

150 nmJ:!)t)^>^, fiRft^B*W^*^* 0. *3tJB 5 

[0 0 3 2] X, ^75/ KB 7 l(DJ¥*ti:2nm— 70nm, 
»1 hJi 7 2©JS$tt2nm^l00nm , ^2 ^> 

K»7 3^J*3tt2nm~50nmJ&*a*bt\, * 7 * K 
17 l<OJ¥£^2nmJ;!9 * * 9 T<om b&#> 

V\, Sl^yn h«7 2WffS^2nniJ;Dt»V^i, 



WKWl 0- 1 2 9 2 2 
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[00 3 3] X. ^75/Kl71 /HBftttl X 10 

i7 - ixio i8 /cni 3 asa*Ur\, /mbsm* ixio 18 

/cm 3 KJitftSi. *¥MtoWk&&lK 

T L**S»*^(6:T-t-5 otSS b < ft < , l x io 1 V 

cm 3 ;£rF£&££, E?98ei^a5<ft9ia#*5«>t?a* 

[0 0 3 4] $1^^^M72^ -^^v^-MM 
g)^lX10 l9 -5X10 2 °/cm 3 ^>$5iaT^ 2=*^* 

fc 3 x 10 17 - 8 X 10 17 /cm 3 1 «*«**tf«# * « 

[0 03 5] »2=X** hJf 7 311, ^*->fr*(M 

g )*gg£ i x i o zo - 1 x i o 2i /cm 3 t-rs»&^a 

*bt\, ^^'>^^(Mg)^ i x 1 0 2O ~l X 1 0 21 / 

i x io 17 - 8 x io i7 /cm 3 t^&Ti-Zo mm 
[0036] jl % wxm 5<d*/d= >-i&m&vtm.mmj£ 

I*, ^Jvpn, 1 X10 17 — 1 X10 2o /cm 3 ^M^ bl\ 1 

x i o l7 /cm 3 UTXhZb, *3t*-O^SirJ:9«* 
WfiTt, 1 X l 0 2O /cm 3 K±tft5i, *g B %tt 
.36S»<ft5, X, *-i?=.%}Mfc$£±~fZ><DXm$.L< 
&i\ S?>(cjff^b<fil xio 18 — l xio 19 /ciii 3 co|5 

x, io»-i/io^#*b<, *5>fc»*u<r± i -1/ 
ioobbs«3&\ ^ftvNiip.^ioss.bv^o 

[003 7] T> ± y *3F*B*li, 2 KtcSO-< y JJ ^ 
A (Be), -v^^!?A(Mg), ffi»(Zn), *K5^A(C 
d), -*«(Hg)Srffll^-CfcftV\ 2«e7E**r^"fe^^ 
«*ibfc»*fcr4. Kt-TO»iLT, 4Ktc^T* 
*>5jR*(C) , 5/l/3>(Si), ^-7^r>n.(Ge) % A'(S 

n). »(Pb)fr«V^ii!»«t?t*. X, 4m7tm*T? 

[00 3 8] ±E«)**«»«8*JlHF-i: b"C, 
[ElS^fffi^ft^] 



(6) 
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-K©«rtfc*Lfc»atB. 
[B 2 J B£tt«<03S3ft*V K<0K3gXg«r^ Lfc 



[B3l R**««0*Jft^*-K^»Jfiia«:«Lfc 



»fSB. 

[B5] RI516«I(03ftJfe^>f^--Ko»5tXSSr*U*i 



1 0, 1 0 0, 2 0 0-%3fe^t»K 
1 • 
2- 
3- 
4- 
5- 



■/<S/77l 
•ni 

5 1. 510, 511, 51 2- -s<9 T 
52, 520, 521, 52 2 *-#FJf 
10 7 1»^7yKJi 

IBS] »5j»«lC««**^*«-K«>«3tJiw* 1 0-^5/ K 



[Bl] 



[B2] 




73 p*-&N (ttc-<fcpfld) 

71 p-Al*tiGai.,.N (Ite-dbped) 

,52 In,. ,Ga». JK3i. ZrHooed) i OKU 
v 51 Aij. BiGa«.*tN J 

8 Al 

3 H*-GtH (Sl-dopad) 
9— 2 AIM 



1 Sfloshlre 



IB 3] 



[14] 
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